Objectives: Software-based MRI/TRUS fusion biopsy depends on the coordination of several steps, and inter-examiner differences could influence biopsy results. The aim of this bicentric prospective study was to compare the detection rates of MRI/TRUS fusion Targeted Biopsy (TG) and Systematic Biopsy (SB), and the detection rates of examiners with different levels of previous experience in prostate biopsy.
Introduction
The current diagnostic algorithm for prostate cancer detection based on PSA and subsequent systematic TRUS guided biopsy could be improved by adding mp MRI and targeted biopsy of MRI lesions [1] . MRI/TRUS fusion targeted biopsy is a multi-step procedure, the results of which depend on the quality of the mpMRI performance, mpMRI reading, and MRI/TRUS fusion and biopsy examiner performance. The inter-reader variability of mpMRI is a well-recognized factor influencing the results of examinations and subsequent MRI/TRUS fusion targeted biopsy [2] .
Creation of the PIRADS system was one way to improve this variability [3] . Software-based MRI/ TRUS fusion biopsy is dependent on the coordination of several procedural steps, and interexaminer differences could influence biopsy results. To the best of our knowledge, no studies have investigated the effect of examiner performance on the outcome of prostate fusion biopsy. The aim of this prospective study was to compare the detection rates of MRI/TRUS fusion Targeted Biopsies (TGs) and Systematic Biopsies (SBs), and the detection rates of different examiners performing these prostate biopsies.
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Methods
Study design
This prospective study was approved by our local ethics committee. MRI was performed on 419 patients based on suspicion of prostate cancer with elevated PSA levels. MRI was positive in 395 patients; 221 of the patients did not have a previous biopsy and 174 had a previous biopsy (mean 2.2 previous biopsies). All lesions were categorized into four groups according to PIRADS classification version 1: negative= PIRADS 1 or 2, PIRADS 3, PIRADS 4, and PIRADS 5. Subsequent MRI/ TRUS fusion TG, followed by a SB was performed on these patients. TGs took 1-4 cores from MRI suspect lesions PIRADS ≥ 3 (average 2.21 cores per lesion). Transrectal ultrasound and static type fusions were performed using a Toshiba Aplio 500 with fusion unit Smart Fusion and a magnetic tracing device. Detection rates were calculated for all cancers, with subgroups of First Biopsy (FB) and Repeated Biopsy (RB) for clinically significant and insignificant prostate cancers. Clinically insignificant prostate cancer was defined as the presence of cancer with Gleason score 6, <3 positive biopsy cores, and <50% prostate cancer in a biopsy core [4] . Primary outcomes were to prove the superiority of TG or TG+SB over standard SB in the FB and RB groups and to find inter-examiner differences in detection rates for MRI/TRUS fusion TG. Four examiners from two departments were involved. The examiners were ranked from 1 to 4 based on their level of experience with TRUS guided biopsies. Examiner 1 had 18 years of experience with transrectal prostate biopsies (more than 1000 TRUS guided biopsies performed previously), Examiner 2 had 15 years of experience (more than 800 TRUS guided biopsies performed previously), Examiner 3 had 2 years of experience but was working under the direct supervision of Examiner 1 or 2, and Examiner 4 had 5 years of experience with transrectal biopsies (more than 250 TRUS guided biopsies performed previously). Patients were randomly assigned to the examiners based on a routine operating room schedule. Detection rates were calculated for each examiner and stratified according to PIRADS scores. In this sub-analysis, 23 patients were excluded due to the radiologist's inability to specify a PIRADS score for the lesions (absence of DCE sequence because of contraindications for application of contrast medium). To exclude any bias influencing the calculation of inter-examiner variability, the PSA values, free to total PSA index (f/t PSA), patient age, and prostate size of each examiner's group of patients were compared. No significant differences were found in age (p=0.845), PSA (p=0.472), or f/t PSA (p=0.496) between examiner subgroups in the FB group. Average prostate volume was significantly different among examiner groups, but it was not considered clinically significant (52.19 ml, 47.16 ml, 48.22 ml, and 64.23 ml, p<0.001) in the FB group. No significant differences in age (p=0.339), PSA (p=0.274), f/t PSA (p=0.457), prostate size (p=0.172), and PSA density (p=0.173) between examiner subgroups in the RB group.
Study group characteristics
The characteristics of the study groups are given in (Table 1 ). Significant differences were found between the FB and RB groups for all variables (two-sample t test, p<0.001). Therefore, all analyses were performed separately for these two groups.
Statistical analysis
Statistical analyses were performed using the statistical software R 3.4.3. Continuous variables were reported as means and standard deviations, categorical variables as proportions (%). Two-sample t test or ANOVA were used to compare baseline characteristics between the FB and RB groups and between examiners. The chi-squared test was used to find differences in the detection rate between TG, SB, and TG+SB biopsy and between examiners. All tests were performed at the 5% level of significance.
Results
Superiority of TG or TG+SB over standard SB
Detection rates are presented in ( TG and SB are in Table 3 . A significant difference was found for TG+SB vs.SB in the RB group for the detection of clinically significant prostate cancer ( Figure 1 ). SB had a significantly higher detection rate than TG in both subgroups (FB and RB) for the detection of clinically insignificant prostate cancer.
Inter-examiner differences in detection rates
The results of biopsies stratified by examiner are given in Table  4 . Inter-individual variability in detection in the FB and RB groups is shown in (Figure 2 and 3) . A significant difference was found among the four examiners in the FB group for TG, SB, and TG +SB. The detection rates of MRI/TRUS fusion TG reflect the extent of previous experience with TRUS guided prostate biopsy; the most experienced examiner had the best detection rates with TG.
Discussion
Targeted MRI/TRUS fusion biopsy is a well-established method with proved efficacy. showed that, among men undergoing biopsy for suspected prostate cancer, targeted MRI/ultrasound fusion biopsy is associated with increased detection of high-risk prostate cancer and decreased detection of low-risk prostate cancer compared to standard extended-sextant ultrasound-guided biopsy Siddiqui et al [5] . In a meta-analysis, revealed an improvement in the detection of clinically significant prostate cancer by MRI-targeted biopsy in men with previous negative biopsy compared to men with initial biopsy Schootes et al [6] . In our group of patients, MRI/TRUS fusion TG significantly improved the detection rate only in the case of RB. The best results were reached with a combination of SB and TG. Our data are consistent with other studies summarized in the systematic review by, who concluded that most studies have shown that the combination of both methods, systematic and targeted MRI/TRUS prostate fusion biopsy, is becoming the gold standard for prostate re-biopsy vanHove et al. [7] . Our study does not show a significant benefit in patients without previous biopsy. TRUS guided SB better detected clinically significant prostate cancer than MRI/TRUS fusion TG in the FB group. On the other hand, systematic TRUS guided biopsy had significantly higher detection rates for clinically insignificant prostate cancer in both subgroups of patients in our study. This is one of the well-recognized disadvantages of systematic TRUS guided biopsy, which is performed randomly without any targeting in most cases [8] . Furthermore, we showed significant differences in detection rates in the FB group among the four examiners performing TG and SB. Only three examiners performed biopsies in the RB group. There are clear differences in the detection rates for the TGs (41%, 32%, 16%), but the results were not significant due to the small number of biopsies performed by some of the examiners. We analyzed the reasons for the different detection rates among examiners and found that the results were dependent on previous experience with TRUS guided biopsies. The most experienced examiner had the best results for TG, and less experienced examiners compensated for the detection rate in TG with higher detection rates in random SB. Examiner 3 was the least experienced but worked under the direct supervision of the most experienced examiners (1 or 2). His results were better in some cases than those of examiner 4, who had intermediate experienced. It seems crucial that SB follow TG, especially with less experienced examiners. Although some studies have not shown significant benefits of software fusion versus cognitive fusion [9] the benefit of software fusion biopsy is mainly seen in better targeting of small and anterior lesions [8, 9] . In cognitive fusion biopsies, good results have been achieved in studies in which biopsy is performed by a radiologist with previous experience in TRUS guided biopsy [10] . Software fusion should lead to simplification of the targeting process and allow the spread of MRI/TRUS fusion targeted biopsy among more examiners. The simplicity and good results of the system used in this study for MRI/ TRUS fusion were also described in other studies [11] . However, it is obvious that this method is also dependent on the performance of examiners and their experience with previous TRUS guided biopsy, as well as mpMRI reading. According to our results, significant interexaminer variability is present and dependent on previous experience with TRUS guided biopsies. There are at least two trends to advance the use of MRI in clinical practice. The first trend is the use of mpMRI and TG in all subgroups of patients, including patients without prior biopsy [12] . The other trend is omitting SB after MRI-targeted biopsy, which could reduce the capture of insignificant carcinomas [13] . In agreement with other studies, our results show that, prior to these steps, the results of mpMRI and TG should be checked carefully [14] . A limitation of this study is the small number of patients, especially in the subgroup analysis. It is also essential to determine a learning curve for the whole process of MRI/TRUS fusion targeted prostate biopsy.
In conclusions, a significant improvement in prostate biopsy was shown in the RB group by adding MRI/TRUS fusion biopsy to SB. Clinically insignificant prostate cancer was detected well by SB than TG in both the FB and RB groups. Significant differences were found in detection rates among examiners performing MRI/ TRUS fusion TG depending on their previous experience with TRUS guided biopsies. Inter-individual variability in the performance of different examiners may blur the overall detection rates of MRI/ TRUS fusion TG and SB. Therefore, it is necessary to focus on the results of individual examiners. Quality control is needed to ensure good results of TG. Results should be enhanced with proper training and the supervision of less experienced examiners.
